A new set of plasmids for plant transgenic studies was developed. Its strong point is that independent gene cassettes are connected within one binary vector by the restriction endonuclease-based technique only. Using the set, two overexpressing cassettes and three RNA interference (RNAi) cassettes were successfully introduced into rice. Our plasmid set is useful for producing commercial transgenic plants, especially in the case of rice.
Various vectors for producing transgenic plants have been developed. [1] [2] [3] [4] New technologies such as GatewayÔ (Invitrogen, Carlsbad, CA) make possible high-throughput construction of multi-gene introducing vectors. On the other hand, their use to develop transgenic crops for commercial purpose involves high patent costs. In addition, it may be better to minimize the number of transforming genes, considering the Cartagena Protocol on Biosafety and public reaction to transgenic plants. In this study we produced a set of plasmids to construct structurally complicated, multigene-introducing vectors using only the restriction endonuclease-based technique.
The enzymes for DNA experiments were purchased from New England Biolabs (Beverly, MA) and Takara Bio (Kyoto, Japan). The chemicals were from Wako Pure Chemical Industries (Osaka, Japan). The polyclonal antibody against GUS was produced with an antigen peptide (CQKRWTGMNFGEKPQQGGKQ) in mice. The polyclonal antibody against rice Bip 5) was produced with an antigen peptide (CTPSWVAFTDSERLIGE) in rabbits, and was purified by affinity chromatography against the antigen. The anti-GFP mouse antibody was from MBL (Nagoya, Japan). Tools for electrophoresis were from NIHON EIDO (Tokyo) and Bio-Rad Laboratories (Hercules, CA).
The composition of our plasmid set is summarized in Table 1 . Ten plasmids are the basis of the set. Among these, two T-DNA binary vectors, pZ2028 and pmT8, were produced based on pPZP202 6) and pTRA415 7) respectively. Eight sub-plasmids were also developed based on pPZP202 or pUC19, to assist with the tandem connection of several gene cassettes. They had pUCtype multiple cloning sites with additional eight-basepair endonuclease restriction sites (Asc I, Asi SI, and Pac I), and had the LacZ -peptide for colony selection except in the case of pmT8. Because two binary vectors had different backbone sequences, they could be applied in co-transformation. 8) Next, expression cassettes were introduced into the basic plasmids. The promoter and the terminator of polyubiquitin 1 (ubi1), 9) 10-kDa prolamin, 10) 13-kDa prolamin clone RM1, 11) the 3rd intron of aspartic protease (RAP int), 12) and nucleotides corresponding to the 23 amino acid signal sequence of 10-kDa prolamin (10N), 10) were cloned by PCR from cv. Nipponbare. All fragments were modified to delete unfavorable restriction endonuclease sites, as described in Table 1 . For example, in the case of the ubi1 promoter, five restriction endonuclease sites were deleted to produce the mubi1 promoter. Similarly, antibiotic genes were modified and introduced into pZ2028 to produce pZH and pZK binary vectors. RNAi cassettes comprising a promoter, the RAP intron, and a terminator were added to pZH or pZK to produce pZH2Bik, pZH2B10ik, and pZK2B35i.
The tandem connection of independent gene cassettes was conducted as follows: An endonulease-treated Asc I site can be ligated with an endonuclease-treated Mlu I site, but inter-site ligation abolishes both sites. When a gene cassette in pUC198AM was digested with Asc I and Mlu I and inserted into the Asc I site of a plasmid with another gene cassette, only one Asc I site remained when the two cassettes were connected in the same direction. The remaining Asc I site was used for the additional connection of a gene cassette constructed in pUC198AM or pUC198AA. Similarly, a combination of Asi SI and Pac I sites also made possible the connection of gene cassettes.
To test performance, we constructed a plasmid, named pZH2B-2ox3i, which had two overexpressing cassettes of each GUS 13) and sGFP, 14) and three RNAi cassettes to suppress three rice storage proteins, 13-kDa prolamin, glutelin, and 26-kDa globulin (Fig. 1 ). The GUS gene was fused with the mubi1 promoter and the ubi1 terminator, and a 10N fragment was fused with sGFP in-frame and then connected with the 13-kDa prolamin promoter and terminator. For the knockdown of storage protein expression by RNAi technology, a 45-bp fragment for 13-kDa prolamin, 11) 129 bp for glutelin A 15) and 114 bp for 26-kDa globulin 16) were used under the y To whom correspondence should be addressed. Tel/Fax: +81-25-526-3245; E-mail: kurodama@affrc.go.jp Abbreviations: CaMV, cauliflower mosaic virus; CBB, Coomassie Brilliant Blue; cv., cultivar; GUS, -glucronidase; hpt, hygromycin phosphotransferase; nos, nopaline synthase; npt, neomycin phosphotransferase; PCR, polymerase chain reaction; RNAi, RNA interference; sGFP, synthetic green fluorescent protein Five gene cassettes were independently constructed in pZH2B, pUC198AM, and pUC198AA, then inserted into the pZH2B vector as described above. The Asc I and Mlu I sites were key to the connection of the gene cassettes. Abbreviations: Tubi, ubi1 terminator; P131, 13-kDa prolamin (clone RM1) promoter; T131, 13-kDa prolamin (clone RM1) terminator; 10N, signal sequence of 10-kDa prolamin. Others are the same as in the legend to Table 1. control of the mubi1 or the 10-kDa prolamin promoter. The globulin-RNAi cassette was constructed in pZH2B. The others were constructed in pUC198AM or pUC198AA. By repetitive insertion into the Asc I site in pZH2B, all five cassettes were integrated into one vector. The resulting vector, pZH2B-2ox3i, and pZH2B (the vector control), were introduced into rice by Agrobacterium-mediated transformation. 17) Nucleotide sequences for pmT8 (AB551244), pZH2Bik (AB551245), and pZH2B-2ox3i (AB551246) were obtained from a database.
In the case of pZH2B-2ox3i, the transformation rate was about 20% (28 independent lines of transgenic rice from 135 calli). Transgenic plants were cultured in a greenhouse, and seeds were harvested from 15 lines. PCR analysis confirmed that all 15 lines investigated had all five cassettes (data not shown). Because each gene cassette can independently change the composition of rice seed protein when successfully introduced, the difference in seed protein composition between the transgenic line and the vector control line was analyzed by SDS-PAGE. One seed was hammered into a powder, and total protein was extracted by adding 400 ml of extraction buffer (50 mM Tris-HCl, pH6.8, 8 M Urea, 4% SDS, and 5% 2-mercaptoethanol). For electrophoresis, the concentration of separating gel was 18% with a modified acrylamide composition (acrylamide:bis-acrylamide = 30.0:0.135). Five randomly selected seeds from each transgenic line were analyzed, and the result in the case of seed number 6-4 is shown in Fig. 2 . After staining of the gel with CBB (Fig. 2a) , the intensity of the bands suggested that the amounts of 13-kDa prolamin and glutelin and 26-kDa globulin were significantly reduced, whereas at least two clear bands (27 kDa and 75 kDa) were newly detected in the transgenic seeds. Next we tried to identify these two proteins, because the molecular weight of each band was similar to those of sGFP and GUS. Western blotting (Fig. 2b) and N-terminal sequencing (Fig. 2e) confirmed that the 27-kDa protein (Fig. 2a, band A) was sGFP, and the signal sequence of 10-kDa prolamin was correctly spliced. The amount of sGFP protein, estimated by the method of Makino et al., 18) was over 100 mg per seed, or in other words over 0.5% of the dehusked grain weight. The GUS activity was detected in the seed (data not shown), and its protein expression was confirmed by Western blot analysis (Fig. 2c) , but the molecular weight of the detected GUS was different from that of the 75-kDa protein. Amino acid sequencing (data not shown) and Western blotting (Fig. 2d) showed that the 75-kDa protein (Fig. 2a, band B) was the molecular chaperone Bip.
5) The increase in Bip expression might have been a response to the accumulation of foreign protein (sGFP) in the endosperm cells.
As described above, our system has no special requirement other than restriction endonuclease for constructing a multi-gene vector. Besides ready-made plasmids, as described in Table 1 The pUC-type multiple cloning sites are common in vectors derived from pBIN19-based plasmids 2, 3) and so DNA fragments are easily transferred from such plasmids to our plasmids. Our plasmids might be useful in basic research in combination with pBIN19-based vectors.
Recent studies indicate the potential usefulness of rice seeds as a platform for recombinant protein expression and oral vaccines. [19] [20] [21] In the case of human lactoferrin, 19) the expression level of recombinant protein was 0.5% of dehusked rice grain weight, and an oral administration test in humans was performed using purified lactoferrin from transgenic rice seeds. 22) It has also been reported that suppression of the internal storage protein enhanced the accumulation of foreign proteins. 21, 23) The high-level accumulation of sGFP found in the present study suggests the signal sequence of 10-kDa prolamin and RNAi cassettes for storage proteins to be useful in such research.
In conclusion, our findings provide valuable information for the study of transgenic plants. They should be useful not only in basic research but also in developing commercial crops, especially in the case of rice.
